of the suspension in distilled water. The turbidity changes seem to depend on the viability of the bacterial cells as they cannot be elicited in bacteria killed by various procedures. The influence of the described phenomenon on the determination of bacterial cell concentration by the customary turbidimetric methods is discussed and its application for the estimation of the number of viable cells is suggested.
In the course of a study of the effect of osmotic pressure on the respiration of certain micro-organisms, it was observed that the turbidity of bacterial suspensions changed with variations of the osmotic pressure of the suspending medium. Since to our knowledge such a phenomenon has not been described in bacteria before, an investigation into the factors governing these turbidity changes was undertaken.
METHODS
Culture media. The micro-organisms with the exceptions indicated below were grown on nutrient agar (Difco) slopes. For cultivation of Corynebacterium xerosis the nutrient agar was fortified with 1 yo (w/v) maltose and 5 yo (v/v) neutralized tomato juice. Five yo (w/v) NaCl was included in the medium for the growth of halophilic organisms and it was supplemented with 0.1 yo Tween 40 for Mycobacterium phlei. Pasteurella pestis was cultivated on brain heart infusion agar (Difco), P. tularensis on a 3% (w/v) peptone (Difco) cysteine medium (Mager, Traub & Grossowicz, 1954) , and CZostridium botulilzum in a casein hydrolysate partially defined medium as described by Mager, Kindler & Grossowicz (1954) .
Inoculum. For inoculation usually 0.1 ml. of a 24 hr. culture suspended in 5.0 ml. saline was used. Unless otherwise stated, the cultures were incubated at 37".
Chemicals. All chemicals used were of reagent grade. The different biological preparations were purchased from commercial sources.
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Procedure for measuring the optical effect. The bacterial cells were washed twice with distilled water and the final aqueous suspension was adjusted to an optical density (E,) of 0.20 as measured at 500 mp. in the Coleman Junior spectrophotometer. The solute in the required concentration was added in 0.3 ml. volume to 3.0 ml. of the above suspension and the resulting extinction (E,) was read after 1 min. and corrected for the dilution. In some experiments the Beckman spectrophotometer model D.U. was used (Corex cells, 1 cm. light path).
With increasing amounts of electrolytes or non-electrolytes added to suspensions of bacteria in distilled water, the light extinction increased gradually. The effect increased up to concentrations close to the range of isotonicity of these substances (Fig. 1) . For a given solute concentration the percentage increase of light extinction, referred to the turbidity of the suspension in water, remained constant over a wide range of dilutions (from E,, = 0.700 to E,,, = 0.030 in the Beckman spectrophotometer) and was independent of the wavelength used.
Survey of micro-organisms Representatives of the different species of bacteria were assayed with NaCl or glucose for turbidity changes, as described under Methods. A scrutiny of the results, assembled in Solutes which produced optical eflect (o.E.) The osmotic nature of the O.E. was indicated by the finding that different substances, both elec trolyes and non-elec troly tes, elicited turbidity changes. Some solutes, such as urea, ethylurethane and glycols, which are known to be highly diffusible through biological membranes (Colliinder, 1937 ; Danielli, 1952) and high molecular substances (inulin, plasma a1 bumin) were ineffective ( Table 2) . As can be seen from Fig. 1 , the mono-monovalent electrolytes tested exhibited, in equimolar concentrations, equal optical effects. With other solutes, however, the magnitude of O.E. (E') as compared with NaCl of equal molar strength, varied with the concentration. For 0 . 0 3 3~ solutions the values obtained for the ratio E' solution/E' NaCl were: Na,SO,, 1.44; MgCl,, 1.80; glucose, 0.46; for higher concentration it approached unity, i.e. for 0 . 1 3 2~: Na,SO,, 1-03; MgCl,, 1-33; glucose, 0.99. (Fig. 2 ) . In the different strains of Pasteurella tularensis tested, the period of incubation could be extended for several days (10-14) without any decrease in the O.E. being noticed. With other organisms, however, prolonged incubation resulted in a progressive diminution of the optical response of the bacteria to changes in osmotic pressure. As the medium used for the cultivation of P . tularensis contained unusually large amounts of buffer (Mager, Traub & Grossowicz, 1954) , it was thought that the stability of the pH value in these cultures might account for the exceptional behaviour of this micro-organism. In fact, when the composition of the culture media used for other microorganisms was modified in such a manner as to prevent large variations of pH value during growth, the decrease in the O.E. was considerably delayed (Table 3) .
RESULTS
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When washed cells were incubated in buffer solutions of different pH values the O.E. proved to be most persistent between pH 6 and 7' (Fig. 3) . The similarity between the curve of Fig. 3 and the plate counts (cf. Winslow & Falk, 1923) suggested that the O.E. depends on the viability of the organisms. This assumption was strengthened by the observation, that certain injurious treatments such as heating (Fig. 4) or alternate freezing and thawing (Table 4) reduced both the viability of the bacteria and the O.E. in nearly the same 
PH
Fig. 3
Time of heating (min.) proportional manner. It may be noted, however, that suspensions treated by freezing and thawing exhibited negative optical effects, i.e. their extinction was higher in water than in NaCl solution. Moreover, bactericidal agents, in their effective concentrations, invariably abolished the o.E., while bacteriostatic substances such as antibiotics or competitive growth inhibitors (sulphadiazine) were without effect ( Table 5 ) . 
DISCUSSION
Since both electrolytes and non-electrolytes cause turbidity changes in bacterial suspensions, the optical effect seems to be essentially an osmotic phenomenon. The quantitative deviations from the osmotic law might be attributed to permeability factors. It appears likely that the O.E. is due to changes in the state of swelling of the bacterial cytoplasm determined by the tonicity of the suspending medium. Plasmolysis, however, seems not to be involved since the largest increase in turbidity occurs within the 'physiological' range of the osmotic pressure (up to 0*15~-NaC1).
The reason for the absence of the O.E. in Gram-positive bacteria is not clear. The findings of Brudny (1908) and of Eisenberg (1910) , that Gram-positive species cannot be plasmolysed even by very high salt concentrations, suggest that these micro-organisms are more refractory to variations in osmotic pressure than the Gram-negative bacteria. However, it is also possible that in Gram-positive bacteria the osmotic phenomenon (changes in the water content of the cytoplasm) does not manifest itself by changes in light scattering.
The existence of the optical effect (o.E.) calls for more caution in using the turbidimetric procedure for measuring cell concentration in bacterial suspensions; the failure to consider the osmotic strength of the medium may lead to up to 100% deviations between individual estimations. On the other hand, since the O.E. seems to depend on the viability of the bacterial cell (some exceptions will be dealt with in the second part of this communication), it may be applied under carefully controlled conditions as a rapid and sensitive method for estimation of the number of viable cells.
